Abstract: Leptographium piriforme Greif, Gibas & Currah, described in 2006 from western Canada has recently been collected in Jaroszowiec in Poland. The ophiostomatoid fungus L. piriforme was isolated from fallen Pinus sylvestris L. shoots infested by Tomicus spp. Isolates were identified to species using morphological characteristics and nuclear ribosomal DNA sequences. Two-year-old P. sylvestris seedlings were wound-inoculated with one isolate of L. piriforme. Leptographium piriforme produced necrotic lesions in the phloem of the seedlings, but none of the plant inoculated with this fungus died. This is the first report of L. piriforme from Poland and entire Europe.
Introduction

Species of Leptographium
. These genera, although representing different phylogentically groups have similar life strategies in response to similar niches.
Species of Leptographium are characterized by mononematous conidiophores with darkly pigmented stipes and complex conidiogenous apparatuses. Conidiophores of these fungi are erect and terminate in a series of branches (metulae). Species of Leptographium can also be recognized by hyaline, singlecelled conidia produced by annellidic conidium development (Kendrick 1962; ). These conidia are accumulated in slimy masses at the apices of conidiophores. Leptographium species are able to tolerate high levels of cycloheximide (Harrington 1981) and are characterized by the presence of rhamnose and cellulose in their cell walls (Horner et al. 1986) . A large number of Leptographium species are associated with phloeophagous bark beetles in temperate and boreal regions of the Northern hemisphere (Harrington & Cobb 1988; Kirisits 2004) . About 32 species of Leptographium and Grosmannia spp. with Leptographium anamorphs have been reported as associates of a wide variety of insects, particularly bark beetles, cerambycid beetles and weevils Jankowiak (2005 Jankowiak ( , 2006ab, 2008 and Jankowiak & Rossa (2007) have studied the mycobiota of bark and wood boring insects in Poland. They recorded L. euphyes (Greif et al. 2006) . Nothing is known about its potential host trees and pathogenic abilities.
The damage by bark beetles of the genus Tomicus in pine trees is caused by two feeding strategies. As in many bark beetles (Scolytinae) one strategy is penetration of the protective bark of weakened or dead stems and transmission of blue-stain fungi in the sap-wood. Another strategy occurring only in Tomicus in this extent is penetration and maturation feeding of adults in living shoots of healthy trees. The shoots become hollow and break easily off. In contrast to the fungi living in the larval galleries of Tomicus spp. in stems and thick branches of dead or weakened pines (Jankowiak 2006a ), fungal transmission during maturation feeding in healthy shoots has hitherto not been investigated.
Material and methods
Study sites, fungal isolation and identification
Fallen Pinus sylvestris (L.) shoots infested by Tomicus spp. were taken from the forest floor in September 2007, in a 50 year-old Scots pine stand in Jaroszowiec in southern Poland. Shoot samples were cut into 5 cm sections and were then surface disinfected by immersing in 95% ethyl alcohol for 5 seconds. From each shoot six fragments (4 × 4 mm) were cut and placed on the same plate on 2% malt extract (MEA; 20 g malt extract, 20 g agar and 1000 mL distilled water), with 200 mg tetracycline sulphate/L and 100 mg cycloheximide/L to select for Ophiostoma sensu lato and specifically Leptographium spp. (Harrington 1981) .
Two isolates of L. piriforme (215/07 and 241/07) obtained from Scots pine shoots were identified on the basis of morphological characteristics of the conidiophores and conidia produced on 2% MEA. Conidiophores were mounted in lactophenol on glass slides and examined using light microscopy. Fungal structures were compared with species descriptions in the literature Greif et al. 2006) . For morphological description two isolates of L. pyriforme were grown in the dark for 8 d at 25
• C on MEA. These two isolates were cultured on Petri plates of 2% MEA and were incubated at 5-40
• C with 5
• C intervals to determine temperature optima. Colony diameters were measured at 4 d post inoculation. Identification based on morphology was confirmed by DNA sequencing of representative isolate (215/08). The ITS rDNA region (including ITS1. 5.8S rDNA, ITS2) and partial LSU rDNA were amplified using the primers ITS1 and NL4 as described by Kolařík et al. (2006) . The amplicon was purified and both strands were sequenced using the same primers by Macrogen Inc. (Seoul, Korea). The sequences were compared with data from GenBank using a Blast similarity search. Sequences generated in this study and sequences of other, related Leptographium spp. from Genbank were aligned using BioEdit v 7.0.4.1 software (Hall 1999).
Inoculation of seedlings
A preliminary inoculation experiment was conducted with one isolate of the Leptographium sp. (L. pir. 215/07) obtained and identified in this study. Inoculations followed the procedure described by Krokene & Solheim (1998) . On the 10 th of July 2008, the stems of 2-year-old P. sylvestris seedlings growing in containers with a mix of peat and perlite (8.5:1.5) were superficially wounded by removing a bark flap (4 × 8 mm). For inoculation, a disc (3 mm diameter) was cut from the margin of a 12-day-old culture of the test isolate, placed on each wound and then covered by the bark flap and a Parafilm M strip. Thirty seedlings were inoculated with the Leptographium sp., whereas 30 plants were inoculated with sterile MEA as control treatment. The test seedlings were harvested 11 weeks after inoculation, longitudinal extension of necrosis in the phloem measured, and sapwood samples for fungal re-isolation removed and placed onto MEA plates as described by Krokene & Solheim (1998) . Significant treatment differences were evaluated by the Mann-Whitney U test (STATISTICA 8.0 (StatSoft, Inc., Tusla, USA).
Results and discussion
Base sequences of the ITS region of rDNA were determined for isolate L. pir. 215/07, and an 1169-bp fragment was amplified for this isolate and the sequence was 100% identical with the ex-type strain of L. pyriforme in NCBI database (http://www.ncbi.nlm.nih.gov/sites/ entrez).
Leptographium piriforme Greif, Gibas & Currah, Mycologia 98 (5), 2006
Vegatative hyphae up to 10 µm wide with granular surface (Fig. 1a) . Pear-shaped cells occurring rare, 10-22.5 (14.0) × 5.0-10.0 (7.4) µm. Conidiophores micronematous and macronematous, occurring simultaneously. Micronematous conidiophores arising directly from the mycelium and producing hyaline, slightly or ellipsoidal conidia, 5.0-17.5 (10.4) × 2.5-5.0 (3.2) µm (Fig. 1a) . Macronematous conidiophores with short, smooth, cylindrical and pigmented stipes, 7.5-75.0 (26.4) µm long (Figs 1a, c) . Conidiogenous apparatus 25.0-62.5 (36.9) µm long, excluding the conidial mass, with 2 to 3 series of cylindrical, smooth and pigmented branches, 6.3-15.0 (8.9) × 1.8-5.0 (2.7) µm. Conidiogenous cells annellidic, tapering at the apex, 7.5-12.5 (10.2) × 0.8-1.8 (1.2) µm. Conidia hyaline, aseptate, curved, 3.0-5.0 (3.9) × 0.8-1.3 (1.0) µm (Fig. 1d) . Conidia accumulating in hyaline droplets at the apex of conidiogenous apparatus at first, later conidial droplets cream coloured. Colony growth at 25 (Fig. 1e) . Leptographium piriforme is a unique species of Leptographium sp. characterized producing curved conidia on short-stipitate conidiophores, a secondary micronematous conidial states and pear-shaped cells. A detailed characterization of this fungus is presented by Greif et al. (2006) . The measurements of pear-shaped cells and conidiogenous apparatus given by them are greater. In contrast to Canadian isolates which had their growth optimum at 35
• C, our isolates had optimal growth at 30
• C (Greif et al. 2006) . Collection examined: Poland. Jaroszowiec (50 • 19 58 N, 19 • 36 58 E), from pine shoot infested by Tomicus spp. collected from the forest floor, 29.October 2007, Jankowiak R., isolates L. pir. 215/07 and 241/07. A cultures (215/07 and 241/07) of L. piriforme have been deposited in the culture collection of the Laboratory of Department of Forest Pathology, Hugo Ko l lątaj University of Agriculture in Kraków. The sequence of 215/07 isolate was deposited in GenBank (Accession No. FM992031). Pathogenicity: Inoculations with L. piriforme resulted in relatively long necrotic lesions in the phloem of the test seedlings. The average lesion length for L. piriforme and the control were 21.9 mm (8-52 mm ± 1.3) and 5.4 mm (5-11 mm ± 0.23), respectively. Differences between treatments were statistically significant (p < 0.05). None of control plants or plants inoculated with L. piriforme died during the 11-week-long observation period. Leptographium piriforme has been described by Greif et al. (2006) from various arthropods, mainly such as ants, beetles, mites and spiders collected in an aspen-dominated forest in western Canada. Up to the present study it was known only from Canada. We have shown that L. piriforme occurs in a Scots pine forest at one locality in Poland. This first Polish record of L. piriforme also represents the first record of this species in entire Europe. Although L. piriforme caused necrotic lesions in the phloem of 2-year-old P. sylvestris seedlings, it was unable to cause mortality of any of the test seedlings. This suggests that L. piriforme is a weakly virulent pathogen of P. sylvestris. Moreover, as it was rarely found (we obtained only two isolates per 100 pine shoots), its association with Tomicus spp. likely is casual and inconsistent. Very weak association of L. piriforme with Tomicus spp. can also be confirmed by previous investigations in Poland (Jankowiak 2006a; Jankowiak & Bilański 2007; Jankowiak 2008) . In these studies L. piriforme was not isolated from Tomicus beetles and their galleries. It may indicate that this Leptographium species is rather transmitted by other arthropods than Tomicus spp. However, the ecology of L. piriforme in Canada and Europe remains poorly known.
